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INTRODUCTION 

In an e f f o r t  t o  u t i l i z e  a s i g n i f i c a n t  po ten t i a l  energy source and a t  the  same time 
reduce pol lu t ion ,  the Bureau of Mines has been experimentally converting organic 
wastes t o  o i l .  The o r i g i n a l  process (1,Z) uses  carbon monoxide and water t o  t r e a t  
the  organic mater ia l  a t  temperatures of 350'-400°C and pressures near 4000 p s i .  
Even though t h i s  reac t ion  proceeds well  and produces a good y ie ld  of o i l ,  there a r e  
some technical problems t h a t  have t o  be  resolved before the process would be 
economical. The major problems include the high operating pressure,  the large 
amounts of energy necessary fo r  heating the water r eac t an t ,  and the  pu r i f i ca t ion  
of the process water containing organic so lubles .  

In our previous study (2) o n  bovine manure conversion, we reported t h a t  s ign i f i can t  
improvements i n  reducing operating pressure and energy requirement f o r  heating were 
achieved by replacing la rge  percentages of water with a s u i t a b l e  high boi l ing  vehic le .  
It was a l s o  shown t h a t  synthes is  gas can be used i n  place of carbon monoxide t o  convert  
manure t o  o i l  i n  reasonably good y ie ld .  
t o  use manure-derived o i l  a s  a recycle vehicle i n  place of water. 
manure o i l  i s  an unsui tab le  vehic le ,  giving poor conversion and o i l  y i e l d  i n  the 
absence of a su i t ab le  c a t a l y s t .  However, bovine manure, l i k e  coa l ,  can be hydro- 
genated and l iquef ied  a t  e leva ted  temperatures and pressures i n  the  presence of a 
vehic le  and a cobalt  molybdate c a t a l y s t .  
i t  requires f a i r l y  la rge  amounts of expensive hydrogen i n  the reac t ion .  
method f o r  hydrotreating organic wastes using synthes is  gas and a combination of 
coba l t  molybdate-sodium carbonate c a t a l y s t  is presented i n  t h i s  r epor t .  
process requi res  n o  process water and results i n  the e f f e c t i v e  hydrogenation and 
deoxygenation of organic wastes without a s i g n i f i c a n t  consumption of hydrogen. 

The present work dea ls  with fu r the r  attempts 
We have found tha t  

This process may be uneconomical because 
A promising 

The proposed 

EXPERIMENTAL 
The conversion of manure to  o i l  was studied i n  a 500-ml magnet ica l ly-s t i r red ,  s t a i n l e s s  
s t e e l  autoclave.  Bovine manure from Be l t sv i l l e ,  Maryland, was used. Chemical analyses 
of two samples used a r e  given i n  Table 1. 
(boi l ing  above 235OC) and manure-derived o i l s  were used a s  vehic les .  A manure o i l  
produced from the reac t ion  of manure with CO and H20 a t  380' and 4500 p s i  was used as  
the s t a r t i n g  vehic le .  I n  seve ra l  s e r i e s  of experiments using d i f f e r e n t  gas reac tan ts  
o r  c a t a l y t i c  conditions,  each succeeding run within a s e r i e s  u t i l i z e d  the  o i l  product 
recovered from the preceding run a s  the vehic le .  The c a t a l y s t  was a commercial cobal t  
molybdate supported on s i l ica  alumina used e i t h e r  i n  the presence o r  absence of sodium 
carbonate. 

A high boi l ing  alkylnaphthalene-based o i l  

TABLE 1. Analyses of bovine manure (as used),  percent 

0 
Sample C H N S (by d i f f . )  Ash Moisture 

1 44.2 6.2 2.5 0.35 39.9 6.9 3 .8  
2 42.5 5.7 2.3 0.35 34.7 14.5 4.2 
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For most of these experiments, hydrogen and synthes is  gas  (approximately equal p a r t s  
of hydrogen and carbon monoxide) were used as  gas reac tan ts  a t  i n i t i a l  pressures of 
1000 t o  1500 p s i .  
temperatures of 330' t o  425 C,  and the reac t ion  was maintained f o r  15 t o  60 minutes 
a t  the reac t ion  temperature.  Af te r  the  experiment, rap id  i n t e r n a l  cooling of au to-  
c l ave  t o  ambient temperature was achieved. 
ambient temperature t o  ob ta in  centrifuged i i q u i a  o i i s .  Cenrrifuge cakes containirig 
res idue  and water were ex t r ac t ed  by benzene. The water was removed by azeotropic 
d i s t i l l a t i o n  and the  remaining o i l  was recovered by removing the  benzene with a 
ro t a ry  vacuum evaporator.  Gaseous products were analyzed by mass spectrometry. 
Data on conversion, o i l  y i e l d ,  hydrogen consumption, and carbon dioxide fotmation, 
e tc . ,  a r e  given as weight percent based o n  moisture- and ash-free manure. 

Operatin pressures ranged from 2000 t o  3000 ps i  a t  reac t ion  ! 

Tota l  products were cent r i fuged  a t  

I RESULTS AND DISCUSSION 

Effec ts  of Cata lys t  and Vehicle 

The conversion of bovine manure t o  oil by reac t ion  with synthes is  gas is grea t ly  
influenced by the presence or absence of c a t a l y s t  and vehic le .  
showed t h a t  bovine manure could be converted to oil by a mild hydrotreating with 
hydrogen o r  synthesis gas  in the  presence of alkylnaphthalene o i l  a s  vehic le .  
a manure oil was used as veh ic l e ,  however, manure conversion and o i l  y i e ld  were poor, 
and the  oil product became more viscous a f t e r  each successive run. The use of sodium 
carbonate as c a t a l y s t  (1) did  not improve the o i l  qua l i t y .  Af te r  being hydrotreated 
i n  the presence of a CoMo c a t a l y s t ,  manure o i l  became a good vehic le ,  and successive 
runs using t he  manure o i l  product as vehic le  in the  presence of CoMo c a t a l y s t  gave 
good r e s u l t s .  
successive runs, suggesting the  f e a s i b i l i t y  of using manure o i l  product as a recyc l ing  
veh ic l e .  
o i l  a r e  improved a f t e r  hydro t rea t ing  with e i t h e r  hydrogen o r  synthes is  gas in  the 
presence of a CoMo c a t a l y s t .  
E f fec t s  of vehicle and c a t a l y s t  on the conversion of manure t o  o i l  by hydrotreating 
with synthes is  gas a re  shown in Table 3. 
opera t ing  pressure of about 3000 p s i ,  both alkylnaphthalene oil and manure o i l  used 
a s  veh ic l e  gave high conversion and good o i l  y ie ld  when the CoMo c a t a l y s t  was present.  

TABLE 2 .  Analyses of vehic les ,  percent 

I n i t i a l  experiments 

When 

The f l u i d i t y  of vehic le  o i l  could be maintained throughout many 

Analyses of veh ic l e s  a re  given in Table 2 .  Note t h a t  proper t ies  of manure 

The oxygen content and o i l  v i scos i ty  are reduced. 

A t  temperatures of 380' and 425'C and an  

0 Kinematic v i scos i ty ,  
C H N S (by d i f f . )  cen t i s toke  a t  6OoC 

90.6 8.7 0.06 0.37 0.3 Alkylnaphthalene 
o i l  1 . 7  

- - -  Manure oil-  80.7 9 . 6  4.0 0.26 5.5 J J U  

80.9 10.3 4.5 0.21 4 .1  120 Treated manure 
oi l b  

Treated manure 
o i l C  83.8 10.2 4.6 0.11 1.3 17 I 

~ ~~~~ ~~ ~ ~ 

a Prepared by r eac t ion  of manure with CO and H20 a t  38OoC and'4500 ps i .  
Manure o i l  was hydrogenated with HZ a t  380'C and 2200 p s i  i n  the presence 
of a CoMo c a t a l y s t .  
Manure o i l  was hydro t rea ted  with synthes is  gas a t  425'C and 2600 ps i  i n  the 
presence of a CoMo c a t a l y s t .  



TABLE 3. Ef fec ts  of veh ic l e  and c a t a l y s t  on conversion of manure 

(vehic1e:manure = 2.3:1, 1500 ps i  i n i t i a l  synthes is  gas pressure)  

Vehicle Alkylnaphthalene o i l  Manure o i l  

Temperature, O C  380 380 425 425 380 425 
Catalyst" CoMo CoMo CoMo CoMo 
Operating pressure,  p s i  3200 3000 3200 3100 3000 3000 
Time,  min. 30 30 15 15 30 15 

O i l  y i e ld ,  percentb 34 47 35 45 45 40 

- 

Conversion, percen tb 86 92 88 95 93 93 

a Two p a r t s  c a t a l y s t  per 100 pa r t s  feed of manure plus vehic le .  
Weight percent of maf manure. 

Ef fec ts  of Gas Reactants 

To determine the e f f e c t s  of various gas r eac t an t s  on the conversion of manure, hydrogen, 
carbon monoxide, and synthes is  gas were compared. Vehicle o i l s  fo r  d i f f e r e n t  runs were 
conditioned by pre t rea t ing  with the d i f f e r e n t  gases a t  des i red  experimental conditions.  
A t  an i n i t i a l  pressure of 1500 p s i ,  opera t ing  pressures a t  38OoC reac t ion  temperature 
ranged from 2600 t o  3500 ps i ,  depending on the  ex ten t  of hydrogen consumption o r  hydrogen 
formation during the reac t ion .  Data a re  given i n  Table 4. 

Experiments with hydrogen indica te  t h a t  cobal t  molybdate ca ta lyzes  the  hydrogenation 
reac t ion  under the operating condi.tion6. 
consumption were increased by thc use of the  ca t a lyd t .  When carbon monoxide o r  carbon 
monoxide and water were used to  r e a c t  with manure, both conversion and o i l  y i e ld  were 
low, and the o i l  product behaved poorly as a vehic le .  But synthes is  gas could be used 
in  place of hydrogen without adverse e f f e c t s  on manure conversion, o i l  y i e ld ,  and o i l  
qua l i ty .  In th i s  comparison, hydrogen consumption decreased from 3.0 t o  2.3 percent,  
water y ie ld  decreased from about 23 to  13 percent,  but carbon dioxide formation 
increased considerably. The oxygen content i n  manure was removed i n  the form of water 
and carbon dioxide i n  both cases .  

The conversion, o i l  y i e ld ,  and hydrogen 

TABLE 4. 

(manure oi1:manure = 2.3:1, 30 minutes a t  38OoC) 

Effec ts  of gas . reac tan ts  on conversiona 

Hp + CO (1 : l )  Gas reac tan t  H 2  CO' 

Ca ta lys tb  C oMo CoMo - COMO 

I n i t i a l  pressure,  1500 1500 1500 lO0OC 1500 1500 
PS i 

p s i  
Operating pressure,  2.900 2700 3500 2900 3200 3000 

Conversion, percent 78 97 7 2  84 81 93 
O i l  y i e ld ,  percent 23 47 19 34 23 45 
H 2  consumption, 2 . 2  3.0 (1.2)d (1.6)d 1.4 2.3 

C02 formation, 1 7  16 78 86 60 42 

a 

C Water (33 pa r t s  per 100 pa r t s  manure) was a l s o  added a s  the r eac t an t .  

percent 

percent 

Data a r e  given i n  weight percent of maf manure. 
par t s  of c a t a l y s t  per 100 pa r t s  feed of manure plus manure o i l .  

Hydrogen formation. 
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Effec ts  of Reaction Variables 

Pressure .  The e f f e c t  of opera t ing  pressure on t h e  conversion of  manure was s tudied  
f o r  both hydrogen and syn thes i s  gas .  
30 minutes. 
as  high operating pressures  as the synthes is  gas runs, probably because of the 
g rea t e r  hydrogen consumption. As shown in  Figure 1, the conversion and the o i l  
y i e ld  increase s l i g h t l y  with pressure i n  the range of 1500 t o  3000 ps i ,  but there 
a r e  very l i t t l e  d i f f e rences  between hydrogen and synthes is  gas. 

Temperature. Of a l l  t he  va r i ab le s  inves t iga ted ,  temperature has the  most dramatic 
e f f e c t  on the proper t ies  of the o i l  product. Experiments were conducted a t  an 
i n i t i a l  pressure of 1500 p s i  but a t  d i f f e r e n t  operating pressures,  ranging from 
2600 t o  3100 p s i ,  depending on the reac t ion  temperature and gas r eac t an t .  The 
r eac t ion  was maintained f o r  d i f f e ren t  periods a t  d i f f e ren t  temperatures: 60 minutes 
a t  330OC. 30 minutes a t  38OoC, and 15 minutes a t  425OC. The r e s u l t s  i n  Table 5 
i nd ica t e ,  f o r  both hydrogen and synthes is  gas runs,  tha t  the hydrogen consumption 
increased with temperature without improvements i n  the conversion o r  o i l  y i e ld .  
However, s ign i f i can t  improvements i n  o i l  product qua l i t y  were observed with 
increas ing  temperature ; carbon content  increased, oxygen content decreased, and 
v i scos i ty  was reduced. The change in the proper t ies  of o i l  product is accompanied 
by some decrease i n  the  o i l  y i e ld ,  mainly because the  oxygen-containing groups a re  
fu r the r  reduced and the  product o i l  is subjected t o  cracking. The amount of low 
molecular weight hydrocarbon gases produced was small but increased with temperature. 
Again, i n  cornpatison with the  hydrogen runs, the synthesis gas runs yielded g rea t e r  
amounts of carbon dioxide but  smaller amounts of water. In the hydrogen runs, the 
consrant amounq of carbon dioxide formed (average 16 percent) i s  probably a l l  t ha t  
could be,produced frdm the thermal decomposition of the manure. 

The reac t ions  were ca r r i ed  out  a t  38OoC f o r  
S ta r t ing  a t  the  same i n i t i a l  p ressures ,  the hydrogen runs d id  not reach 

TABLE 5. Hydrotreating of manure a t  various temperaturesa 

(manure oi1:manure = 2.3:1, CoMo c a t a l y s t ,  1500 p s i  i n i t i a l  pressure) 

Temperature, O C  

Operating pressure,  p s i  
Time, minutes 
Conversion, percent 
O i l  y i e ld ,  percent 
CHq formation, percent 
C02 formation, percent 
H20 y i e l d , u  percent 
H consumption. percent 
021 ana lys i s ,  percent 

C 
H 
N 
S 
0 (by d i f f . )  

H2 + CO (1 : l )  H 2  

330 380 425 330 380 425 
2600 2700 2700 3100 3000 3000 

60 30 15 60 30 15 
95 97 94 94 93 93 
49 47 39 

0.3 0.9 2.7 
1 7  16 16 
20 23 25 

2.3 3.0 4.5 

81.9 
9.7 
4.2 
0.18 
4.0 

47 
0.5 
31 
16 

'2.0 

77.5 
9.8 
4.3 
0.19 
8.2 

45 40 
1.3 3.5 
42 47 
13 10 

2.3 2.6 

e1.5 83.4 
9.9 10.2 
4.4 4.6 
0.10 0.11 
4.1 1 .7  

118 563 129 17  
Kinematic v i scos i ty  of o i l  

a t  6OoC, cent i s toke  

Data are given i n  weight percent of maf manure. 
Excluding moisture conten t  i n  manure. 

a 
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Reaction Time. Figure 2 shows the  e f f e c t  of t ime  on the  conversion of manure by 
hydrogen a t  38OoC. 
60 minutes, and the reac t ion  was then maintained a t  t h i s  temperature from 0 t o  60 
minutes. Nearly 85 percent of conversion occurred before the system reached 380°C, 
and the conversion approached a l i m i t  of about 97 percent a f t e r  t he  r eac t ion  was i n  
progress a t  380°C f o r  30 minutes. A l l  carbon dioxide w a s  produced before the 
reac t ion  mixture reached 38OoC (before zero time). 
genation, and probably the upgrading of the o i l  p roper t ies ,  can be b e t t e r  measured 
by the hydrogen consumption which increased from 1.4 percent a t  zero  time to  3.6 
percent a t  60 minutes. 

The t i m e  required t o  reach 38OoC i n  the  autoclave was about 

The progress of the  hydro- 

Ef fec t  of Sodium Carbonate 
Two comparative s e r i e s  of experiments were ca r r i ed  out  hydro t rea t ing  bovine manure. 
In the  f i r s t  s e r i e s ,  manure was hydrotreated with synthes is  gas a t  an  i n i t i a l  
pressure of 1000 p s i  and 38OoC reac t ion  temperature f o r  30 minutes i n  the presence 
of a CoMo c a t a l y s t  and a manure o i l  vehic le .  
pa r t s  per 100 par t s  of manure) were added i n  d i f f e r e n t  runs t o  determine the e f f e c t  
of moisture content of manure. 
from the preceding run was used as vehicle.  In  the  second s e r i e s ,  experiments were 
ca r r i ed  out i n  the  similar manner except t h a t  2 percent Na2C03 (based on feed of 
manure plus vehic le )  w a s  added in addi t ion  t o  the COHO c a t a l y s t .  

Results a r e  shown i n  Table 6 .  
Ser i e s  1 a t  equal water l eve l s .  
increased and the kinematic v i scos i ty  of the  product decreased. 
consumption was reduced as shown in  Figure 3. Less hydrogen was consumed with 
increasing moisture conten t  of manure, without any e f f e c t  on the  conversion of manure 
t o  oil. 
formation and decreased water y i e ld .  
hydrogen consumed is p a r t l y  replenished by the reac t ion  of  carbon monoxide with water 
during hydrotreating. 
manure a r e  accomplished without s i g n i f i c a n t  consumption of hydrogen. 

Various amounts of water (0  t o  50 

I n  each succeeding run, the  o i l  product recovered 

Operating pressures were higher i n  Se r i e s  2 than in 
The average o i l  y i e ld  in the presence of Na2CO-j 

I n  addi t ion ,  hydrogen 

Other no t iceable  e f f e c t s  of the Na2C03 addi t ion  were increased carbon dioxide 
I t  is apparent t h a t  i n  the presence of Na2C03, 

As a r e s u l t ,  e f f e c t i v e  hydrogenation and deoxygenation of 

CONCLUSIONS 
Bovine manure is hydrogenated and l iquef ied  by hydrogen o r  synthes is  gas (equal 
amounts of hydrogen and carbon monoxide) a t  temperatures of 330" t o  425% and 
operating pressures of 1500 t o  3000 ps i  in the presence of a recyc le  manure o i l  and 
a cobal t  molybdate c a t a l y s t .  With an increase in temperature, oxygen content and 
v i scos i ty  of o i l  product decrease,  but hydrogen consumption increases .  Synthesis 
gas can be used i n  place of hydrogen t o  reduce hydrogen consumption without adverse 
e f f e c t s .  A s ign i f i can t  improvement on t h i s  process, when using synthes is  gas,  is 
achieved by adding sodium carbonate t o  the reac t ion  mixture; hydrogen consumption 
is reduced markedly, o i l  y i e ld  improved, and o i l  v i scos i ty  reduced. Manure with 
moisture contents up t o  about 35 weight percent was evaluated and found acceptable 
as  feedstocks.  The o ther  fea ture  of the process is t h a t  it requi res  no process 
water,  and t h i s  eliminates the problem o f  heating or purifying la rge  amounts of the 
process water. 
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